Introduction
============

Thirty percent of heart transplant (HTx) recipients experience a rejection episode during the first year of HTx.[@B1] Currently, periodic endomyocardial biopsy is the standard method for the surveillance of acute allograft rejection during the first 6 to 12 months after HTx (Level of recommendation IIa).[@B2] According to the representative example of the biopsy schedule described in the guideline, a patient needs repeated endomyocardial biopsy for a total of 16 times during the first year after HTx.[@B2] However, endomyocardial biopsy is an invasive procedure that requires the patient\'s hospitalization, and may also be accompanied by harmful complications such as traumatic tricuspid regurgitation. The patients, especially those with higher numbers of endomyocardial biopsy, have an increased risk of severe tricuspid regurgitation.[@B3] The incidence of tricuspid regurgitation after HTx was not rare (7-24%),[@B4] and tricuspid regurgitation of more than moderate degree is associated with worse outcome after HTx.[@B5] Furthermore, the recent advance of immunosuppressive therapy has lowered the incidence of rejection episodes requiring additional intensive immunosuppressive treatment. According to the 2012 registry of the International Society for Heart and Lung Transplantation (ISHLT) data, more than 80 percent of endomyocardial biopsy episodes were enough to be observed without further intensive immunosuppressive therapy.[@B1]

There has been an effort to predict acute allograft rejection noninvasively using various biomarkers. Repeated measurement of N-terminal pro-B-type natriuretic peptide (NT-proBNP) or C-reactive protein (CRP) has been reported to be ineffective in predicting acute cellular rejection.[@B6] Meanwhile, high-sensitivity cardiac troponin I (hs-TnI) showed promising results with good correlation with acute cellular rejection.[@B7][@B8] However, significant overlap of hs-TnI between two groups with or without acute allograft rejection as well as conflicting data of cardiac troponin T (TnT) prevents clinicians from adopting biomarkers as a full substitute for endomyocardial biopsy.[@B6][@B7][@B8]

Soluble ST2 (sST2) is a novel cardiovascular marker associated with cardiac hypertrophy, fibrosis, and ventricular dysfunction.[@B9] In the patients with heart failure or acute coronary syndromes, sST2 is a well-known powerful predictor for cardiovascular events.[@B9][@B10][@B11] Even in subjects without structural heart disease, a higher level of sST2 was also associated with increased risk of death and heart failure events.[@B12] Furthermore, sST2 has been reported to be associated with the severity of inflammation of cardiomyocytes in acute lymphocytic myocarditis.[@B13] Therefore, in the present study, we investigated the possibility of using sST2 as a non-invasive marker to predict acute allograft rejection after HTx.

Subjects and Methods
====================

Patients
--------

Sixty-seven cases of HTx in Samsung Medical Center from September 2006 to August 2014 were included in this study. All of them agreed to provide their blood samples collected at the time of endomyocardial biopsy for the research with an informed consent form. The patients who did not agree were excluded. A total of 494 stored blood samples of 67 HTx cases were analyzed. The patients\' clinical and laboratory findings were investigated retrospectively by reviewing the medical charts. The study protocol was approved by the Institutional Review Board of our institute (2014-12-111).

The protocol of endomyocardial biopsy
-------------------------------------

Endomyocardial biopsy was repeated based on the predefined protocol after HTx for the surveillance of acute allograft rejection in our center. In the early periods of the study, endomyocardial biopsy was performed at 2, 4, 8, 12, and 18 weeks, and 6, 9, 12, 18, and 24 months after HTx. In the later periods of the study beginning from August 2011, the routine surveillance beyond the first year of HTx was omitted. Since August 2011, the patients without evidence of allograft rejection at one year after the transplant did not undergo further endomyocardial biopsy routinely. Meanwhile, when HTx recipients experienced new-onset symptoms suggesting heart failure (dyspnea, fatigue, or syncope, etc.) without any explainable causes, an additional endomyocardial biopsy schedule was arranged at the time of symptoms. When significant rejection (≥ grade 2R) was detected pathologically in a biopsy specimen, follow-up biopsy was performed obligatorily 2 to 4 weeks after intensive immunosuppressive treatment. Endomyocardial biopsy was performed via a right internal jugular vein approach, and 5 to 7 specimens were acquired from the right ventricle each time.

The definition and treatment of acute allograft rejection
---------------------------------------------------------

The definition of acute allograft rejection follows the ISHLT guideline (0R to 3R).[@B14] In this study, \"any rejection\" was defined as grading 1R or higher, and \"significant rejection\" was defined as a rejection grade of 2R or 3R. Additionally, sudden events of hemodynamic instability without any evidence of coronary ischemia were also included in the \"significant rejection\" grouping. Pathologically confirmed humoral rejection without hemodynamic significance was not considered as significant rejection.

All patients diagnosed with significant rejection were prescribed intensive immunosuppressive therapy including steroid pulse therapy. The protocol using steroid pulse in our center was comprised of 1000 mg of methylprednisolone every 24 hours for 3 days, and then administration of 1 mg/kg of prednisone per day for 3 days. After this was performed, a daily dose of prednisone was tapered by 5 mg every 3 days to reach a dose of 5-7.5 mg per day. In only one case, in which the patient had a body weight below 35 kg, was a lower dose of steroid used (500 mg of methylprednisolone once a day for 3 days) instead of 1000 mg of methylprednisolone.

If the patients were hemodynamically stable, a high dose of steroid was given only after the identification of pathologically significant rejection from a biopsy specimen. In those cases, the time interval between endomyocardial biopsy and intensive immunosuppressive therapy is 2-4 days. When HTx recipients were hemodynamically unstable, steroid pulse therapy was begun immediately after endomyocardial biopsy before the confirmation of pathological findings. If the biopsy specimen revealed acute humoral rejection by C4d special staining, rituximab of 375 mg/m^2^ of body surface area was administered every week for a period of 2-4 weeks. In some ISHLT 2R grade cases, steroid pulse therapy could be substituted by increasing the dose of mycophenolate from 1-1.5 g/day to 2 g/day. This kind of practice was allowed in the limited number of 2R cases that were stable without any symptoms. The patients taking higher mycophenolate as an intensive immunosuppressive therapy for the allograft rejection obligatorily had repeated endomyocardial biopsy after 2-4 weeks. If the repeated biopsy still showed significant rejection, steroid pulse therapy was performed right after the verification of significant rejection.

Measurement of soluble ST2
--------------------------

Blood samples were obtained by venipuncture at the time of endomyocardial biopsy and collected in a heparin tube. After centrifugation, plasma samples were stored at -80℃ in a refrigerator until analyzed. Blood samples were exposed to one freeze-thaw cycle before analysis. The sST2 levels were measured by personnel who were blinded to the clinical status of the patients, and were later matched with the medical information for each case. Serum sST2 concentration was measured by enzymelinked immunosorbent assay (ELISA) using Presage® ST2 (Critical Diagnostics, San Diego, CA, USA).

Statistical analysis
--------------------

Data are expressed as frequencies, means±standard deviations or median values with interquartile ranges. The presence of normal distribution in each variable was investigated with a Kolmogorov-Smirnov test. Because the sST2 levels did not follow normal distribution, the correlation between sST2 levels and other continuous variables including age, white blood cell (WBC) counts, lymphocyte counts, the level of serum creatinine, C-reactive protein (CRP), cTnI and NT-proBNP were tested by Spearman\'s correlation test. To identify the independent correlates with sST2, a multiple linear regression analysis was performed using statistically significant variables from a univariate Spearman\'s correlation test. Consequently, WBC counts, lymphocyte counts, serum creatinine, cTnI, NT-proBNP, and time after HTx were included in the multiple linear regression analysis. sST2 levels according to rejection grade were compared using a Mann-Whitney test or Kruskal-Wallis test where appropriate. The p value was corrected by multiplying by 6 after the Kruskal-Wallis test based on the Bonferroni principle to control the problem brought by multiple comparisons. To evaluate changes of sST2 at the specific times in each patient, one-way repeated measured analysis of variance was conducted. The association between sST2 and the presence of rejection was evaluated with repeated measures analysis using mixed modeling with sST2 as an outcome. When the patients had two episodes of significant rejection, first rejection episodes were chosen for within-subject analysis. Because two patients had significant rejection twice, twenty cases with significant rejection and measured sST2 were used in within-subject analysis excluding the repeated episodes in the two patients. In the patients with significant rejection, sST2 and NT-proBNP levels were compared with the Friedman test. A two-tailed p value of less than 0.05 was considered statistically significant. Statistical analyses were performed with statistical package IBM SPSS Statistics 20.0 software (IBM Inc., Chicago, IL, USA).

Results
=======

Subjects\' characteristics
--------------------------

Sixty-seven HTx cases from 65 patients and their 494 blood samples were examined in this study. Among the 67 cases of HTx, 4 (6.0%) cases were retransplantation, and the other 63 (94.0%) cases were de novo HTx. Their mean age at HTx was 45.5±16.8 years, and 41 cases (61.2%) were male. Dilated cardiomyopathy was the most common etiology of heart failure (41 cases, 61.1%), followed by 7 cases of ischemic cardiomyopathy (10.4%), 6 cases of hypertrophic cardiomyopathy (9.0%), and 6 cases of valvular heart disease (9.0%). Other causes of heart failure included 4 cases of allograft rejection of a previously transplanted heart (6.0%), 1 case of myocarditis, 1 case of refractory ventricular tachycardia and 1 case of chemotherapy-induced cardiomyopathy. Initial immunosuppressive therapy included steroid in 67 cases (100%), cyclosporine in 21 cases (31.3%), tacrolimus in 46 cases (68.7%), and mycophenolate in 52 cases (77.6%). The median follow-up duration after HTx was 25.4 (14.7-54.8) months, and the number of repetitive endomyocardial biopsies per case is 7.4±1.9. Donor information was available in only 34 cases. The mean age of donors was 38.0±11.9 years, and 25 (73.5%) cases were male. The ischemic time before transplant was 184.0±55.8 minutes. Data regarding the characteristics of donors and recipients are summarized in [Table 1](#T1){ref-type="table"}.

Clinical variables associated with sST2 after heart transplant
--------------------------------------------------------------

The median value of sST2 in all 494 blood samples was 32.0 (18.8-82.0) ng/mL. The level of sST2 was positively correlated with WBC counts (r=0.50, p\<0.001) as well as the level of cTnI (r=0.53, p\<0.001) or NT-proBNP (r=0.61, p\<0.001), and negatively correlated with time after HTx (r=-0.65, p\<0.001) and lymphocyte counts (r=-0.44, p\<0.001) ([Table 2](#T2){ref-type="table"}, [Fig. 1](#F1){ref-type="fig"} and [2A](#F2){ref-type="fig"}). Meanwhile, serum creatinine level showed only weak association with sST2 (r=-0.09, p=0.040). sST2 showed no statistical correlation with patients\' age, CRP level or left ventricular ejection fraction (LVEF) measured using echocardiography. From multiple linear regression analysis, WBC counts, lymphocyte counts, cTnI and NT-proBNP remained as independent variables associated with sST2 (all p\<0.001) with R^2^ value of 0.54 of the model (p\<0.001).

When we selected sST2 at a specific time point after HTx (0.5, 1, 2, 3, 6, 9, and 12 months) in accordance with the predefined biopsy protocol, 381 samples in 67 HTx cases were available. sST2 levels at each time point were 155±12, 116±12, 46±7, 34±4, 31±4, 21±2 and 19±2 ng/mL, respectively (p\<0.001) ([Fig. 2B](#F2){ref-type="fig"}).

sST2 according to the grades of acute allograft rejection
---------------------------------------------------------

Of the entire population of 494 samples, 166 (33.6%) and 25 (5.1%) samples were matched with pathologic results showing any rejection and significant rejection, respectively; 328 (66.4%) samples of 0R, 141 (28.5%) samples of 1R, 19 (3.8%) samples of 2R, 3 (0.6%) samples of 3R and 3 (0.6%) samples of hemodynamically unstable humoral rejection. The ST2 level was statistically different according to the grades of acute rejection (36 \[19-98\], 28 \[18-62\], 15 \[16-37\], and 191 \[85-343\] ng/mL, in rejection grades of 0R, 1R, 2R, and 3R+ \[3R plus hemodynamically unstable humoral rejection\], respectively p=0.003) ([Fig. 3A](#F3){ref-type="fig"}). The median value of sST2 was found to be different only between the 2R and 3R+ groups (corrected p=0.038). When sST2 was dichotomously analyzed according to the presence of significant rejection, there was no significant difference (32 \[19-81\] and 27 \[16-94\] ng/mL, p=0.72) ([Fig. 3B](#F3){ref-type="fig"}). When the same analysis was performed divided by pre-and post-90 days after HTx, the sST2 level was not different statistically; pre-90 days (93 \[47-155\], 63 \[30-132\], 96 \[82-110\], and 105 \[221-337\] ng/mL, consecutively 0R to 3R+, p=0.09) and post-90 days (23 \[15-34\], 14 \[20-28\], 19 \[15-31\], and 191 \[65-319\] ng/mL, consecutively 0R to 3R+, p=0.052) ([Fig. 4](#F4){ref-type="fig"})

A total of 58 (86.7%) HTx patients experienced any acute allograft rejection first at 1.8 (0.4-3.4) months after HTx. Among them, first significant allograft rejection occurred in 20 (29.9%) cases at 4.0 (2.0-9.0) months after HTx. The baseline clinical characteristics of the two groups with or without significant rejection were not significantly different for recipient age, etiology of heart failure or initial immunosuppressive agents (Supplementary Table 1 in the online-only Data Supplement). There was only a higher tendency of second HTx in the group with significant rejection (3 \[15%\] vs. 1 \[2.1%\], p=0.08). When we studied within-subject effects of sST2 using a mixed model, the sST2 level according to the predefined time point was not different according to the presence of significant rejection (p for interaction=0.94). The result was the same when we selected cases only after 90 days of HTx (p for interaction=0.74). The level of sST2 before, at the time of, and after treatment of acute significant rejection, were available in 16, 18 and 17 patients among 20 cases experiencing significant rejection. Overall, sST2 at the pre- and post-rejection periods were not different statistically (32 \[19-57\], 24 \[12-45\], and 18 \[15-50\] ng/mL, before, at the time of, and after treatment of acute significant rejection, respectively, p=0.87) ([Fig. 5A](#F5){ref-type="fig"}). The change in sST2 levels were also analyzed after categorization according to postoperative days; ≤90 days ([Fig. 5B](#F5){ref-type="fig"}) and \>90 days ([Fig. 5C](#F5){ref-type="fig"}). There were no statistical difference in sST2 levels at the pre- and post-rejection periods in the early postoperative period (109 \[74-173\], 74 \[30-173\], and 31 \[17-213\] ng/mL, p=0.31) or late postoperative period (19 \[14-31\], 29 \[12-32\], and 50 \[17-107\] ng/mL, p=0.16). When we drew lines connecting the dots belonging to the same individual, the level of sST2 was not consistently decreased after the treatment of rejection, regardless of pathological improvement. Similarly, NT-proBNP showed no statistical difference according to time frame of significant rejection (770 \[405-6435\], 1683 \[268-6882\], and 827 \[246-1195\] pg/mL, p=0.51, respectively).

Detailed information for 20 cases with significant rejection are presented in [Table 3](#T3){ref-type="table"}. In a large portion of cases (11/20, 55.0%), the patients were treated with steroid pulse therapy. Among them, only one case (case \#10) failed to recover and needed retransplantation. Among 6 cases treated with increasing doses of mycophenolate, one case (case \#17) sustained significant rejection on follow-up biopsy and had subsequent steroid pulse therapy. Among 20 cases with significant rejection, 5 (29.4%) cases at pre-rejection, 10 (55.6%) cases at rejection, and 8 (40.0%) cases at the postrejection period showed sST2\> two standard deviations at the same time point after HTx, the values of which were elicited from all 381 samples. Those cases are marked with asterics in [Table 3](#T3){ref-type="table"}.

Discussion
==========

The sST2 level after HTx was correlated with time after transplant, WBC count, lymphocytes count, cTnI and NT-pro BNP. However, correlations with pathologically confirmed ISHLT rejection score were not observed after control of the time after HTx. Many cases showing significant rejection were not accompanied by significant elevation in sST2 above two standard deviations of the same time point after HTx.

Noninvasive methods to detect allograft rejection after HTx using biomarkers have been studied several times. Measurement of NT-proBNP, TnT, CRP, or combinations of NT-proBNP and CRP failed to prove clinical usefulness in predicting acute allograft rejection after HTx.[@B6][@B15] Battes et al. studied NT-proBNP or CRP using 1136 blood samples taken at the time of endomyocardial biopsies in 77 HTx cases.[@B6] The level of NT-pro BNP and CRP were high immediately after the surgery and decreased to reach steady status at 12 weeks post-transplantation. However, repeated measurement of NT-pro BNP or CRP was ineffective in predicting acute cellular rejection both in the early periods and late periods after HTx. Meanwhile, high-sensitivity cardiac hs-TnI has been reported to have good correlation with acute cellular rejection.[@B7][@B8] Patel et al.[@B7] analyzed 418 serum samples of 35 HTx recipients and reported that the median value of hs-TnI was significantly high in the group with acute rejection, and that a cutoff point 0.015 ng/mL of cTnI could discriminate acute rejection with 94% sensitivity and a 99% negative predictive value. However, significant overlap was noted when hs-TnI was re-categorized by ISHLT grade. Similarly, in the recent study using 252 samples in 59 HTx cases, the absolute value of hs-TnI was not found to be different according to the presence of acute rejection.[@B8] Although the median value of cTnI in the samples with acute cellular rejection was higher than the samples without acute rejection, a statistical difference was not observed. Reflecting all these clinical data, current guidelines recommend that routine noninvasive testing modalities including cardiac troponin I or T cannot substitute endomyocardial biopsy in adult HTx recipients (Level of recommendation III).[@B2]

The role of sST2 as a biomarker to predict acute rejection after HTx has been investigated previously.[@B16][@B17] Pascual-Figal et al.[@B16] reported that sST2 levels were increased as compared with the pre-rejection period, and decreased again after treatment of acute rejection. However, they did not include the patients without acute rejection after HTx. Instead, the samples before and after rejection were utilized as a control group. In our study, both groups with or without rejection were included, and the data of the patients with rejection were compared with those of the patients without rejection. In the present study, a statistical difference was observed in the sST2 level according to the grades of the allograft rejection. However, correcting for confounding factors of the time after HTx, a statistical difference was not found. More recently, Mathews et al. reported that a higher level of sST2 (\>600 pg/mL) could discriminate graft rejection with an area under the curve of 0.72±0.05 in pediatric HTx patients.[@B17] However, they had higher rates of rejection events, and included a large proportion of acute humoral rejection among the significant rejection group. Similarly in our study, the level of antibody-mediated rejection was higher than others (\#1, 2, and 7 in [Table 3](#T3){ref-type="table"}). Over 40% of patients (especially cases with acute cellular rejection) maintained sST2 levels in the range of 2 standard deviations calculated by the patients without acute rejection. On the other hand, sST2 can be affected by other cardiovascular and inflammatory conditions. As the IL-33/ST2 signaling pathway also involves T helper type 2 cell differentiation,[@B18] it is not unusual that sST2 was higher in the cases with systemic infection or inflammation.[@B19] The correlation of sST2 level and WBC/lymphocyte counts that appeared in our study also supports the possible correlation between inflammation and sST2 levels. Accordingly, sST2 was reported to be increased in chronic obstructive lung disease, asthma, pulmonary embolism, pulmonary hypertension, and alcohol abuse in other previous studies.[@B19] Some extreme cases of sST2 levels in our data (arrows in [Fig. 3B](#F3){ref-type="fig"}) also reflected critical events that occurred within several days; 1) generalized seizure suspected to have resulted from posterior reversible encephalopathy syndrome, 2) ischemic injury that appeared in endomyocardial biopsy, and 3) septic shock two days after endomyocardial biopsy. Because HTx recipients are susceptible to complications by multiple comorbidities in the early periods of HTx, sST2 is expected to have a limited role in predicating acute rejection specifically.

There are several limitations in this study. First, as a retrospective study, not all of the included patients have consecutive samples to present sequential change in sST2 after HTx, and there were missing values at certain time points after HTx. Nonetheless, we included 67 HTx cases with 494 samples; these numbers are quite comparable to those of previous retrospective studies.[@B6][@B7][@B8][@B15][@B16] Second, because the presence of acute rejection was detected by endomyocardial biopsy surveillance, the follow-up duration of the included patients had limited time duration of 1-2 years after HTx. Hence, development of chronic vasculopathy or overall long-term cardiovascular mortality after HTx cannot be investigated. Like the general population without cardiovascular disease,[@B12] sST2 may be associated with long-term cardiovascular outcome rather than acute allograft rejection developed in the early periods after HTx. Further studies are needed to confirm these possibilities. Additionally, the number of acute rejection cases was too small to understand the role of certain biomarkers fully; 20 patients with 22 blood samples (29.9% of total patients and 4.5% in total blood samples), even though the incidence rate was quite comparable with the rates of previous reports (37% of the patients).[@B7] A larger number of subjects would definitely be required to obtain an adequate number of acute rejection episodes.

Conclusion
----------

Although sST2 is known as a promising predictor for cardiovascular events, its role in HTx patients in predicting acute allograft rejection seems to be limited. Further prospective studies including larger populations with longer follow-up duration are needed in order to figure out the further clinical implications of sST2 in HTx recipients.
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###### Supplementary table 1

Baseline characteristics with or without significant rejection

![Scattered plots showing correlation of sST2 with other continuous variables. (A) WBC count, (B) lymphocytes count, (C) cardiac troponin I (cTnI), and (D) NT-proBNP. WBC: white blood cell, NT-proBNP: N-terminal pro-B-type natriuretic peptide.](kcj-46-811-g001){#F1}

![Scatter plots of sST2 values according to the time after heart transplant. (A) sST2 measured in entire population of 494 blood samples (B) sST2 measured in 381 samples at the specific time point after heart transplant (0.5, 1, 2, 3, 6, 9, and 12 months). Median value and interquartile range of sST2 are presented as horizontal lines in whisker form. Some extreme cases of sST2 levels (arrows in [Fig. 2B](#F2){ref-type="fig"}) reflected critical events other than acute allograft rejection that occurred within several days; 1) generalized seizure suspected as posterior reversible encephalopathy syndrome (PRES), 2) ischemic injury noted in endomyocardial biopsy, and 3) septic shock.](kcj-46-811-g002){#F2}

![Scattered plots of sST2 grouped by the rejection grades of concomitant endomyocardial biopsy. (A) sST2 categorized by groups according to International Society of Heart and Lung Transplant (ISHLT) rejection score. (B) sST2 categorized by the presence of significant rejection. Median value of sST2 in each group is marked with a horizontal line.](kcj-46-811-g003){#F3}

![Scatter plots of sST2 grouped by the pathologic grades of concomitant endomyocardial biopsy. (A) early (≤90 days) and (B) late (\>90 days) periods after heart transplant. Median value of sST2 in each group is marked with a horizontal line. ISHLT: International Society of Heart and Lung Transplant.](kcj-46-811-g004){#F4}

![Scattered plots of sST2 measured at pre-rejection, at the time of rejection, and after a treatment of significant rejection. (A) Overall patients. (B) Early (≤90 days) and (C) later (\>90 days) postoperative days. Measurement values of each individual case were connected by a line.](kcj-46-811-g005){#F5}

###### Baseline characteristics of study cases (n=67)

![](kcj-46-811-i001)

  Variable                                           Values
  -------------------------------------------------- ------------
  Recipient age (years)                              45.5±16.8
   \<20                                              6 (9.0)
   20-39                                             17 (25.4)
   40-59                                             26 (38.8)
   ≥60                                               18 (26.9)
  Recipient male gender                              41 (61.2)
  Second heart transplant                            4 (6.0)
  Etiology of heart failure                          
   Dilated cardiomyopathy                            41 (61.1)
   Ischemic cardiomyopathy                           7 (10.4)
   Hypertrophic cardiomyopathy                       6 (9.0)
   Valvular heart disease                            6 (9.0)
   Allograft rejection                               4 (6.0)
   Others                                            3 (4.4)
  Immunosuppressive agents                           
   Steroids                                          67 (100)
   Cyclosporine                                      21 (31.3)
   Tacrolimus                                        46 (68.7)
   Mycophenolate                                     52 (77.6)
  Characteristics of donor (available in 34 cases)   
   Age (years)                                       38.0±11.9
   Male gender                                       25 (73.5)
   Ischemic time (minutes)                           184.3±55.8

Values are presented as standard deviation or number (%)

###### Correlates with sST2 in entire population of samples (N=494)

![](kcj-46-811-i002)

  Variable                        sST2 (ng/mL)                  
  ------------------------------- -------------- ------ ------- ---------
  White blood cell count ( /μL)   485            0.30   0.50    \<0.001
  Troponin I (ng/mL)              210            0.26   0.53    \<0.001
  Lymphocyte count ( /μL)         484            0.17   -0.44   \<0.001
  Post-heart transplant months    494            0.12   -0.65   \<0.001
  NT-proBNP (pg/mL)               368            0.11   0.61    \<0.001

NT-proBNP: N-terminal-pro B-type natriuretic peptide

###### Case summaries of the subjects having significant rejection after heart transplant

![](kcj-46-811-i003)

  \#    Patients   Significant rejection   Manage      sST2 (ng/mL)   NT-proBNP (pg/mL)                                                                   
  ----- ---------- ----------------------- ----------- -------------- ------------------- ---- --------- --------- --------- --------- -------- --------- --------
  1     44         F                       ICMP        PK             H                   0    R         \-        337^\*^   154       \-       \-        \-
  2     26         F                       CTx         PMK            H                   1    R         84        105       18        \-       \-        2271.0
  3     47         M                       Rejection   PMC            2R                  2    Steroid   48        16        14        986.1    290.1     231.3
  4     18         M                       DCMP        PMC            2R                  2    Steroid   257^\*^   110^\*^   43        \-       1912.0    \-
  5     57         F                       DCMP        PMK            2R                  2    MMF       82^\*^    43        19        21061    17353     1731
  6-1   25         M                       Rejection   PC             2R                  2    Steroid   134^\*^   34        205^\*^   \-       3327.0    973.8
  7     43         M                       DCMP        PMC            H                   3    R         145^\*^   360^\*^   238^\*^   9010.0   \-        \-
  8     62         M                       DCMP        PMK            2R                  4    Steroid   14        12        20                 \-        528.1
  9     68         F                       DCMP        PMC            2R                  4    MMF       31        31        107^\*^   \-       1310.0    1352.0
  10    25         M                       DCMP        PK             3R                  4    Steroid   7         105^\*^   \-        705.6    33061.0   \-
  11    63         F                       HCMP        PK             2R                  4    Steroid   38        50^\*^    51^\*^    1560.0   3391.0    966.9
  12    37         F                       DCMP        PMK            2R                  5    Steroid   25        10        50^\*^    427.6    2868.0    1016.0
  13    31         F                       HCMP        PMK            2R                  6    MMF       19        12        17        554.6    498.3     686.7
  14    34         M                       DCMP        PMC            2R                  7    MMF       66^\*^    \-        \-        363.3    \-        \-
  15    65         F                       DCMP        PK             3R                  9    Steroid   14        29^\*^    136^\*^   1211.0   5189.0    \-
  16    60         F                       ICMP        PK             2R                  10   Steroid   21        \-        \-        1834.0   \-        \-
  17    66         F                       ICMP        PMC            2R                  18   MMF       \-        38^\*^    24^\*^    \-       870.5     558.2
  18    53         M                       DCMP        PMK            2R                  18   MMF       19        32^\*^    15        336.5    202.1     251.4
  6-2   25         M                       DCMP        PMC            2R                  23   Steroid   \-        27^\*^    34^\*^    \-       501.6     233.6
  19    29         M                       Rejection   PMK            2R                  33   Steroid   \-        27^\*^    23        \-       132.9     310.0

^\*^Indicates sST2 values above 2 standard deviations derived from entire population of all 494 blood samples at the same time point. F: female, M: male, ICMP: ischemic cardiomyopathy, CTx: chemotherapy induced cardiomyopathy, DCMP: dilated cardiomyopathy, HCMP: hypertrophic cardiomyopathy, P: prednisolone, M: mycophenolate, C: cyclosporine, K: tacrolimus, H: humoral rejection, R: rituximab, MMF: increasing dose of mycophenolate to 2 g/day
